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ABSTRACT
We examined light curves of 1138 stars brighter than 18.0 mag in the I band and less
than a mean magnitude error of 0.1 mag in the V band from the OGLE-III eclipsing
binary catalogue, and found 90 new binary systems exhibiting apsidal motion. In this
study, the samples of apsidal motion stars in the SMC were increased by a factor of
about 3 than previously known. In order to determine the period of the apsidal motion
for the binaries, we analysed in detail both the light curves and eclipse timings using
the MACHO and OGLE photometric database. For the eclipse timing diagrams of the
systems, new times of minimum light were derived from the full light curve combined
at intervals of one year from the survey data. The new 90 binaries have apsidal motion
periods in the range of 12−897 years. An additional short-term oscillation was detected
in four systems (OGLE-SMC-ECL-1634, 1947, 3035, and 4946), which most likely
arises from the existence of a third body orbiting each eclipsing binary. Since the
systems presented here are based on homogeneous data and have been analysed in the
same way, they are suitable for further statistical analysis.
Key words: binaries: close - binaries: eclipsing - Magellanic Clouds - stars: early
type - stars: fundamental parameters
1 INTRODUCTION
The investigation of apsidal motions in eccentric eclipsing binaries (EBs) is very important because it provides valuable
information on the internal structure of the stars. Apsidal motion is caused by the fact that binary components are not point
masses, and its magnitude strongly depends on how centrally condensed the stars are. The period of the apsidal motion can
be determined by the detailed analyses of both light curves and eclipse timings. Detached, double-lined EBs with an apsidal
motion provide an accurate and direct determination of fundamental stellar properties such as mass, radius, and luminosity
(Hilditch 2001). We can compute the internal structure constants (k2) from the apsidal periods and absolute dimensions of
EBs. These values then allow us to test stellar structure and evolution models and to calculate the distance to the systems
(Torres et al. 2010).
The study of massive and metal-deficient stars in the Magellanic Clouds (MCs) can test theoretical models for different
abundances, and the large samples of the extragalactic binaries provides clues about the structure and evolution of massive
stars with low metallicity (Zasche et al. 2014, Ribas 2004). In particular, the binary systems exhibiting apsidal motions provide
useful information on the interior structures of the massive stars. Recent large surveys such as MAssive Compact Halo Objects
(MACHO; Faccioli et al. 2007) and Optical Gravitational Lensing Experiment (OGLE; Graczyk et al. 2011, Pawlak et al.
2013) have discovered tens of thousands of new EBs in the MCs, many of which have been found to be in eccentric orbits.
Faccioli et al. (2007) presented 4634 and 1509 EBs in the Large Magellanic Cloud (LMC) and the Small Magellanic Cloud
(SMC), respectively, from the MACHO survey. Wyrzykowski et al. (2003, 2004) published V and I photometry for 2580 and
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1351 EBs in the LMC and the SMC, respectively, from the OGLE-II survey. The EB catalogues from the OGLE-III survey
identified 26121 and 6138 binary systems for the LMC (Graczyk et al. 2011) and SMC (Pawlak et al. 2013), respectively.
The large samples of about 32000 EBs from the OGLE-III can, therefore, provide us with many candidates showing apsidal
motion.
The apsidal motion binaries have increased in number in recent times (Michalska & Pigulski 2005, Michalska 2007, Zasche
& Wolf 2013, Hong et al. 2014, and Zasche et al. 2015 for the LMC, and Graczyk 2003, North et al. 2010, Zasche et al. 2014
and Hong et al. (2015) for the SMC). However periods of apsidal motion have only been estimated for 21 and 42 EBs in the
LMC and the SMC, respectively. The numbers of apsidal binaries in the MCs are still limited for statistical studies. This
paper is the third contribution in a series of apsidal motion studies for binary systems in the MCs (Hong et al. 2014, 2015).
The main aim of this paper is to provide the orbital parameters and accurate apsidal motion elements of 90 eccentric
binary stars in the SMC using homogeneous data and consistent analysis methods. Section 2 presents the selection method of
objects with the large photometric survey data of MACHO and OGLE. In Section 3, we describe the analysis method of light
curves. The apsidal motion elements are calculated from the light curves and eclipse timings in Section 4. Finally, Section 5
presents a summary and discussion of this work.
2 SELECTION OF OBJECTS
During the past 20 years, gravitational lensing surveys have obtained photometric observations for thousands of EBs in the
SMC. In this paper, we used data from MACHO (1992-1999; Faccioli et al. 2007), OGLE-II (1997-2000; Wyrzykowski et al.
2004) and OGLE-III (2001-2009; Pawlak et al. 2013). The MACHO observations were obtained in blue (VM ; 440 − 590 nm)
and red (RM ; 590 − 780 nm) bands, corresponding roughly to the Johnson V and Cousins R, respectively. The MACHO
survey used the 1.27-m Great Melbourne Telescope at Mount Stromlo in Australia. The OGLE-II and OGLE-III observations
covered 2.4 and 14 square degrees, respectively, in the SMC using the 1.3-m Warsaw Telescope in the V and I bands (Udalski
et al. 1997, Szyman´ski 2005, Udalski et al. 2008). The OGLE-III EB database given by Pawlak et al. (2013) was the primary
source of the main selection process. The OGLE data based on Difference Image Analysis (DIA) showed considerably smaller
scatter than the MACHO data.
First of all, we extracted 1138 binaries among the 6138 EBs in the SMC, with the selection criterion that the binaries
are brighter than 18.0 mag in the I band and have magnitude errors within 0.1 mag in the V band for the spectroscopic
observations using 8-m class telescopes (cf. North et al. 2010). In order to find the apsidal motion binaries, we examined the
I band light curves of these systems obtained from OGLE-III observations using the iteration method applied in the papers
of Kang et al. (2012) and Hong et al. (2014, 2015). The iteration method is a modification of the Wilson & Devinney (WD)
differential correction code (Wilson & Devinney 1971, hereafter WD) used to treat large numbers of light curves of EBs.
For this procedure, the initial surface temperatures of the selected 1138 EBs were assumed to be 15000 K. In the first
step, we adjusted the following parameters: the temperature of the secondary component (T2), the surface potentials (Ω1,2),
the orbital inclination (i), the eccentricity (e), the longitude of periastron (ω), the epoch (T0), the orbital period (P ) and the
luminosity of the primary star (L1). After the analyses, we excluded the binary systems in circular orbits of e = 0. Then we
included the rate of periastron advance (ω˙ = dω/dt) as a free parameter. The WD runs were repeated until the correction
of each parameter became smaller than its standard deviation. We determined preliminary apsidal periods for the systems
with ω˙ above 0.0 through the method used in Sections 3 and 4. Among these, dozens of EBs have uncertainties larger than
their apsidal periods and orbital eccentricities because of the lack of and large scatter of observations. Therefore, we do not
included these binaries in subsequent analyses. Finally, we found 90 binary systems exhibiting apsidal motion, excepting to
the 36 EBs studied previously by Zasche et al. (2014) and Hong et al. (2015). The basic information for these stars is listed in
Table 1, in which the coordinates, I, V and V −I are taken from the OGLE-III of Pawlak et al. (2013). The colour-magnitude
diagram of the selected 90 binaries in the SMC is displayed with the well-studied eclipsing binaries with the apsidal motions
in Figure 1.
3 LIGHT CURVE SYNTHESIS
For photometric solutions, VMRMV I light curves of the 90 EBs were taken from both the MACHO and OGLE-III survey data
obtained across 1992-1999 and 2002-2009, respectively. The light curves were analysed in a manner identical to the papers
of Hong et al (2014, 2015) by using the 2005 version of the WD code. The initial mass ratios for all selected systems were
set to be q = M2/M1 = 1.0, because it is difficult to determine a reliable q value from the light-curve analyses of detached
EBs (Wyithe & Wilson 2001, Terrell & Wilson 2005). We computed the new mass ratio of the 90 EBs from the preliminary
photometric solutions and the relation between the mass ratio and the luminosity applied in the papers by Graczyk (2003)
and Zasche et al. (2015). In order to obtain the photometric mass ratio, we used the approach as presented below.
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1. At the beginning, all light curves for each EB were analysed using q = 1.0, which resulted in a temperature ratio, and
fractional radii (r1 and r2).
2. The q − L relation is given by q = 10(logL2−logL1)/3.664. For this approach, the luminosities of the selected systems were
required. In order to estimate the absolute dimensions for each binary component, we derived the semi-major-axis (a)
from the following equation (Graczyk 2003, Hong et al. 2014):
a =
(
Luminosity of the binary system
4piσ(r21T
4
1 + r
2
2T
4
2 )
)1/2
, (1)
where, Lsystem is the total luminosity of a binary system and can be derived by the bolometric magnitude (Mbol,system)
of the system. The fractional radii (r1 and r2) and temperature ratio (T2/T1) of the primary and secondary components
were obtained from the light curve solutions. The temperatures of the systems were estimated from the intrinsic colour
index (V − I)0 = (V − I)obs −E(V − I) using the relation between the colour index and temperature by Worthey & Lee
(2011). The absolute dimensions were determined with the semi-major-axis and assuming a mean distance modulus
(DM) of the SMC of V −MV = 19.11 (North et al. 2010) and that the stars follow the mass-luminosity relation
(M − L) for the SMC (log L = 3.664 log M + 0.380, Graczyk 2003). If the EBs in the SMC are slightly evolved stars,
the uncertainties of their absolute dimensions are increased. From this, the satisfied colour excess E(V − I) in the
assumptions was obtained. The method allows the obtainment of an independent reddening and a reasonable (V − I)0
intrinsic colour in the direction of the binary system (see e.q. Graczyk 2003). Note the mean distance modulus of the
SMC has systematic uncertainties by the line of sight depth (4.90± 1.23 kpc) for the SMC central bar region by
Subramanian & Subramaniam (2009). The new photometric mass ratio was then estimated using the relation between
the mass ratios and luminosities of both components.
These processes were repeated three to five times for each EB until all the conditions (light curve solutions, M − L,
DM and the relation between mass ratios and luminosities) had been satisfied. In each WD run, the initial values of the
parameters were adopted from the photometric solutions with the new mass ratio derived from the previous stage. The
logarithmic bolometric (X1,2) and monochromatic (x1,2) limb-darkening coefficients were interpolated from the values in van
Hamme (1993). The gravity darkening exponents and the bolometric albedos were fixed at the standard values of g1 = g2
= 1.0 and A1 = A2 = 1.0 for stars with radiative envelopes from their temperatures. We used mode 2 (detached system)
and the standard deviation (χ2) between observations and theoretical modes were calculated to measure the goodness of each
model. The final model was the one with the lowest χ2 value.
We searched for the possible presence of a third light (l3) in the light curves of all selected systems using the differences
of χ2 between the third light and the non-third light models. The final results are listed in Table 2 and Table C1 (only light
ratios are listed), where the uncertainty of each parameter was calculated by means of the Differential Corrections subroutine
in the WD code. Note that the parameter errors in the WD code are estimated from the covariance matrix evaluated around
a best-fitting model. It should also be noted that the error estimates are unrealistically small due to the strong correlations
between the relatively numerous parameters. The third lights could come from a tertiary star physically bound to or only
optically related with each EB. The VMRMV I observations and the model light curves for the 90 EBs are plotted in Figure
2 and Appendix A as normalised lights versus orbital phases. As one can see, the eclipses of the primary and secondary in
the MACHO data have moved to the phase decreasing or increasing direction in the OGLE data due to apsidal motion. The
resulting absolute dimensions with the colour excess are listed in Table D1.
4 APSIDAL MOTION ANALYSIS
The periods of the apsidal motions were obtained from the detailed analyses of both light curves and eclipse timings. The
apsidal periods (U) from the former were calculated from the rate of periastron advance (ω˙ = 2pi/U) in VMRMV I light curve
solutions. For the eclipse timing analysis, the times of minimum light were derived from the full light curve formed from the
observation points at an interval of 1 year because the surveys provided only two to five data points per night for an observing
field. Each light curve from the MACHO, OGLE-II, and OGLE-III observations was analysed using the iteration method with
the photometric solutions in Table 2. In total, 2224 eclipse times were obtained from the light curves, and the eclipse timing
method is the same as that described by Hong et al. (2014, 2015). The apsidal motion can be described as having five apsidal
elements: zero epoch (T0), sidereal period (Ps), anomalistic period (Pa), rate of periastron advance in degree per cycle (ω˙),
and eccentricity (e). The apsidal motion elements of the selected systems were derived from the ephemeris-curve equation
presented by Gime´nez & Bastero (1995). All individual minimum times are provided in Table 3, and the O-C eclipse timing
diagrams with respect to the apsidal motion equation are plotted in Figure 3 and Appendix B. The resulting elements of
apsidal motions and their errors are given in Table 4.
As shown in the eclipse timing diagrams, the apsidal motions of OGLE-SMC-ECL-1634, 1947, 3035, and 4946 could
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not describe their minimum times satisfactorily and the residuals in the lower panel indicate the existence of an additional
short-term oscillation. Thus, we fitted the timing residuals to a sine curve, C = Ksin(ΩE + Ω0). The Levenberg-Marquardt
method (Press et al. 1992) was applied to solve the three parameters of the ephemeris given in Table 5, together with related
quantities. The results are shown in the middle panels of Figure 4. The top panels indicate the combination effect of the
apsidal motion and the oscillation for each system, and the bottom panels represent the residuals from the ephemeris. As can
be seen in this figure, the entire collection of timings can be better fitted by a beat effect of the two effects.
The sinusoidal variation of the eclipse timings could be produced by one of two causes: a light-travel-time effect due to
a third body (Irwin 1952, 1959) or a magnetic activity cycle of one or both of the component stars (Applegate 1992, Lanza
et al. 1998). However, the magnetic mechanism never displays a pattern of alternating period decreases and increases for
systems with the spectral type earlier than about F5. This implies that the oscillations in the eclipsing timings may originate
from the presence of a third object physically bound to the close binaries. Furthermore, our light-curve synthesis detected
the significant contribution of the third light in these systems. These systems may be triple stars. In Table 5, P3 and a12sini3
are the cycle length and semi-major axis of the eclipsing pair around the mass centre of the triple systems, respectively, and
f(M3) is the mass function of the third body.
5 SUMMARY AND DISCUSSION
We found 90 previously unknown EBs showing apsidal motions from 6138 binary systems brighter than I = 18 mag and more
precise than 0.1 mag in OGLE-III survey data of the SMC. Their photometric solutions and elements of the apsidal motions
were derived for the first time. An additional short-term oscillation was detected for five systems (OGLE-SMC-ECL-1634,
1947, 3035, 4946, and 5382) which makes a considerable contribution to the third light in our light curve synthesis. The
period modulations may be interpreted as a light-travel-time effect due to a circumbinary object gravitationally bound to
the systems. Including our results, the number of systems with apsidal motions in the SMC has significantly increased than
previously known. All of the selected EBs were modelled by using the homogeneous data and the same analysis method and
they can be used for a statistical study of the stars in the SMC, as well as for testing the theoretical models of stellar structure
and evolution in the low-metallicity environment. The histogram of the apsidal periods of the 126 SMC EBs is presented in
Figure 5, together with those of 88 detached binaries of our Galaxy in Table E1 for comparison. As shown in the figure, all
EBs in the SMC have apsidal periods in the range of 1.0 < log U < 3.0 because of the selection effect from their short-term
observations with a time span of about 20 years.
From the OGLE LMC data, Mazeh et al. (2008) suggested that the apsidal motion periods should depend mostly on the
binary period. In order to examine this possibility in the SMC, we plotted the apsidal periods versus the orbital periods with
the known 100 EBs in Figure 6. Their physical parameters are listed in Table E1. In Figure 6, we have plotted the predicted
values of the apsidal motion periods against the orbital periods for the eccentricities of 0.001, 0.3 and 0.5, having two masses
of 1.4 and 1.8 M. The apsidal motion rate (ω˙ = ω˙N + ω˙R) for the six cases was calculated using the equations (3) and (11)
given in the paper of Gime´nez (1985). The mass ratios were assumed to be q = m2/m1 = 1.0 for these calculations. We can
see that the apsidal period indicates a linear dependence on the binary orbital period. The massive binaries in the SMC and
LMC are placed between the intermediate and high mass stars. However, there are slight trend differences between the EBs
of SMC and our Galaxy. It is possible that the differences may come from the separate age and metallicity between them. In
order to understand the difference, we need to determine the accurate physical properties for the SMC EBs, as well as to find
a large number of long-period EBs (P > 6 d) that exhibit apsidal motions.
Figure 7 shows the eccentricities of the 126 EBs in the SMC as a function of their orbital periods. The dashed curve was
obtained with the equation f(P ) = E − A × exp−(P×B)C from Mazeh et al. (2008), where P denotes the orbital period and
the other parameters are E = 0.98, A = 3.25, B = 6.3 and C = 0.23. In this figure, we can see that all binaries exhibiting
apsidal motions in the SMC have their eccentricities below the curve, while there are no eccentric EBs with orbital periods
shorter than about 1 d. This implies that short-period EBs are in circular orbits, and the cause of their absence may be the
result of tidal circularisation, which is substantially weaker in longer period binaries. The 126 EBs with a binary period less
than about 7 d in the SMC also support the suggestion of Mazeh et al. (2008). Because no spectroscopy has been conducted
for almost all of the EBs with apsidal motion in the SMC, spectroscopic observations are required for more detailed statistical
studies of the various physical parameters.
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Figure 1. The colour-magnitude diagram for ∼56000 stars (grey circles) from the OGLE-III 100.1 field in the SMC. The black circles
represent the 6138 EBs given by Pawlak et al. (2013). The red circles represent the 90 EBs found in this paper. The yellow and green
circles display the 27 EBs by Hong et al. (2015) and 18 EBs by Zasche et al. (2014), wherein nine systems are overlapped each other.
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Figure 2. VMRMV I light curves of 9 binary systems. The upper panels display light curves using the MACHO and OGLE-III data,
wherein the open circles are the observations and the solid lines are the theoretical light curves. The lower panels are the light residuals
between observations and theoretical models. The open circles are the observations.
c© 2016 RAS, MNRAS 000, 1–??
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Figure 3. Eclipse timing diagrams of 9 binary systems. Filled and open symbols represent the individual primary and secondary minima,
respectively. In the upper panel, the solid and dashed curves represent the theoretical primary and secondary eclipses of the ephemeris-
curve equation, respectively. The red and blue continuous lines represent the eclipse timing and light curve analyses, respectively. The
lower panels display the residuals from the complete ephemeris.
c© 2016 RAS, MNRAS 000, 1–??
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Figure 4. In the top panels the O − C diagrams of 4 EBs are constructed with the combination effect of the apsidal motion and the
additional oscillation for each system. The middle panels display the third-body orbit assuming a circular orbit and the bottom panels
represent the residuals after subtracting the two fits.
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Figure 5. Histogram of apsidal motion periods of binary systems in our Galaxy and SMC. The black bar represents the 88 detached
binaries of our Galaxy in Table E1. The grey bars represent the 126 binary systems taken from Zasche et al. (2014), Hong et al. (2015),
and this paper.
c© 2016 RAS, MNRAS 000, 1–??
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Figure 6. The orbital period − apsidal period diagram. The red circles display the 126 EBs in the SMC of Zasche et al. (2014),
Hong et al. (2015), and this paper. The blue circles represents the 21 EBs in the LMC taken from Zasche & Wolf (2013), Hong et al.
(2014), and Zasche et al. (2015). The pink circles, green triangles, and cyan squares denote the low (M < 1.4 M), intermediate (1.4
M < M < 8M), and high mass stars (M > 8 M), respectively, of 88 detached binaries in our Galaxy of Table E1. The dotted lines
labeled 1, 2, and 3 correspond to M1 = M2 = 1.4 M, and the orbital eccentricities (e) of 0.001, 0.3, and 0.5, respectively. The solid
lines labeled 4, 5, and 6 correspond to M1 = M2 = 8.0 M, and the values of e = 0.001, 0.3, and 0.5, respectively.
c© 2016 RAS, MNRAS 000, 1–??
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Figure 7. The orbital period − eccentricity diagram for the SMC EBs. The red circles represent the 90 EBs found in this paper. The
blue and green circles display the 27 EBs of Hong et al. (2015) and 18 EBs of Zasche et al. (2014), respectively. The dashed curve is
taken from the equation of f(P ) = E −A× exp−(P×B)C , where E = 0.98, A = 3.25, B = 6.3 and C = 0.23.
c© 2016 RAS, MNRAS 000, 1–??
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Table 1. Basic Parameters of 90 Binary Systems.
OGLE-III OGLE-II MACHO R.A. Decl. I V V − I
(ID) (ID) (ID) (J2000) (J2000) (mag) (mag) (mag)
OGLE-SMC-ECL-0237 00:35:31.21 −72:58:03.6 17.854(26) 17.744(11) −0.110(19)
OGLE-SMC-ECL-0273 SMC-SC1-9354 00:36:18.09 −73:33:15.5 17.237(16) 17.049(7) −0.188(12)
OGLE-SMC-ECL-0286 SMC-SC1-25589 213.15110.69 00:36:39.63 −73:01:59.0 17.328(18) 17.328(8) 0.000(13)
OGLE-SMC-ECL-0391 SMC-SC1-97290 00:39:25.29 −73:38:36.1 16.623(11) 16.490(5) −0.133(8)
OGLE-SMC-ECL-0481 SMC-SC2-74863 213.15396.67 00:41:03.31 −72:58:45.9 17.286(17) 17.236(9) −0.050(13)
OGLE-SMC-ECL-0665 SMC-SC3-80396 213.15563.267 00:43:29.09 −73:15:43.1 17.873(24) 17.966(14) 0.093(19)
OGLE-SMC-ECL-0678 00:43:38.97 −73:42:57.2 17.789(27) 17.683(10) −0.106(19)
OGLE-SMC-ECL-0834 SMC-SC3-189164 213.15674.20 00:45:10.19 −73:25:47.1 16.716(11) 16.672(7) −0.044(9)
OGLE-SMC-ECL-0938 SMC-SC4-22816 212.15678.282 00:45:46.26 −73:10:02.0 17.675(24) 17.774(11) 0.099(18)
OGLE-SMC-ECL-1041 SMC-SC4-49286 212.15729.49 00:46:23.27 −73:34:50.0 17.006(14) 16.930(7) −0.076(11)
OGLE-SMC-ECL-1042 00:46:23.31 −73:39:26.0 17.334(17) 17.293(8) −0.041(13)
OGLE-SMC-ECL-1133 SMC-SC4-113885 212.15791.1204 00:46:58.99 −73:14:58.2 17.173(15) 17.026(8) −0.147(12)
OGLE-SMC-ECL-1167 SMC-SC4-134508 208.15796.133 00:47:08.84 −72:54:29.3 17.205(15) 17.157(9) −0.048(12)
OGLE-SMC-ECL-1189 212.15796.361 00:47:16.68 −72:53:02.2 18.000(27) 17.920(13) −0.080(20)
OGLE-SMC-ECL-1196 SMC-SC4-103852 212.15788.253 00:47:18.35 −73:28:20.8 17.575(20) 17.474(9) −0.101(15)
OGLE-SMC-ECL-1214 SMC-SC4-121461 212.15792.439 00:47:24.66 −73:09:36.0 17.944(29) 17.864(13) −0.080(21)
OGLE-SMC-ECL-1278 SMC-SC4-175455 212.15850.252 00:47:48.22 −73:05:28.1 17.032(14) 17.199(9) 0.167(12)
OGLE-SMC-ECL-1370 SMC-SC4-160094 212.15847.154 00:48:10.16 −73:19:37.5 17.120(16) 16.986(8) −0.134(12)
OGLE-SMC-ECL-1545 SMC-SC5-38211 00:48:58.15 −73:07:18.1 16.778(13) 16.774(8) −0.004(11)
OGLE-SMC-ECL-1607 SMC-SC5-100735 212.15904.2327 00:49:16.40 −73:17:54.7 17.513(21) 17.418(10) −0.095(16)
OGLE-SMC-ECL-1634 SMC-SC5-123390 212.15908.2537 00:49:22.65 −73:03:43.2 16.177(9) 16.023(6) −0.154(8)
OGLE-SMC-ECL-1670 SMC-SC5-100841 00:49:30.45 −73:17:09.2 18.033(31) 17.963(14) −0.070(23)
OGLE-SMC-ECL-1699 SMC-SC5-135371 212.15909.2383 00:49:36.76 −72:57:20.6 17.018(14) 16.842(7) −0.176(11)
OGLE-SMC-ECL-1709 00:49:40.97 −73:48:34.4 17.047(15) 16.853(7) −0.194(11)
OGLE-SMC-ECL-1903 SMC-SC5-196565 212.15964.153 00:50:30.17 −73:07:38.6 16.928(14) 16.911(9) −0.017(12)
OGLE-SMC-ECL-1947 SMC-SC5-185154 212.16020.84 00:50:40.54 −73:12:56.2 16.172(9) 16.112(6) −0.060(8)
OGLE-SMC-ECL-1961 SMC-SC5-175482 212.16018.341 00:50:43.76 −73:20:29.8 17.590(20) 17.576(12) −0.014(16)
OGLE-SMC-ECL-2256 SMC-SC6-77359 208.16085.85 00:51:47.90 −72:39:20.9 16.604(11) 16.495(7) −0.109(9)
OGLE-SMC-ECL-2290 00:51:54.26 −72:29:13.3 15.658(6) 15.490(4) −0.168(5)
OGLE-SMC-ECL-2361 SMC-SC6-29212 00:52:08.13 −73:06:31.8 16.725(11) 16.568(7) −0.157(9)
OGLE-SMC-ECL-2384 00:52:11.70 −72:12:42.7 17.887(26) 17.838(13) −0.049(20)
OGLE-SMC-ECL-2454 SMC-SC6-100378 00:52:28.51 −73:18:47.1 17.792(26) 17.794(14) 0.002(20)
OGLE-SMC-ECL-2605 SMC-SC6-167473 00:52:58.08 −72:37:06.1 15.074(6) 14.942(4) −0.132(5)
OGLE-SMC-ECL-2744 SMC-SC6-185254 212.16189.156 00:53:28.62 −73:19:46.0 17.385(18) 17.409(10) 0.024(14)
OGLE-SMC-ECL-2753 SMC-SC6-232742 207.16197.323 00:53:30.06 −72:45:32.2 17.974(29) 17.882(12) −0.092(21)
OGLE-SMC-ECL-2762 00:53:31.47 −72:09:25.1 17.226(16) 17.076(9) −0.150(13)
OGLE-SMC-ECL-2865 00:53:56.01 −72:04:59.6 16.896(13) 16.789(7) −0.107(10)
OGLE-SMC-ECL-3006 207.16262.36 00:54:26.16 −72:15:35.6 16.089(8) 15.961(5) −0.128(7)
OGLE-SMC-ECL-3035 SMC-SC7-70911 207.16259.149 00:54:35.08 −72:28:46.0 16.953(13) 16.881(8) −0.072(11)
OGLE-SMC-ECL-3071 00:54:45.12 −73:32:43.9 17.788(26) 17.703(11) −0.085(19)
OGLE-SMC-ECL-3118 SMC-SC7-18319 211.16249.72 00:55:00.79 −73:06:42.1 16.727(12) 16.577(6) −0.150(9)
OGLE-SMC-ECL-3200 SMC-SC7-83173 211.16305.146 00:55:21.75 −73:11:24.3 17.244(17) 17.104(8) −0.140(13)
OGLE-SMC-ECL-3219 SMC-SC7-110245 207.16310.172 00:55:26.09 −72:51:53.4 17.329(17) 17.230(9) −0.099(13)
OGLE-SMC-ECL-3310 00:55:50.71 −73:27:32.7 18.059(31) 17.995(13) −0.064(22)
OGLE-SMC-ECL-3346 SMC-SC7-160539 00:56:02.13 −73:05:39.6 17.031(14) 16.969(7) −0.062(11)
OGLE-SMC-ECL-3403 00:56:18.59 −72:02:38.8 18.040(28) 17.934(14) −0.106(21)
OGLE-SMC-ECL-3626 SMC-SC8-26423 207.16427.1804 00:57:37.42 −72:40:59.9 17.006(14) 16.860(8) −0.146(11)
OGLE-SMC-ECL-3731 SMC-SC8-30694 207.16484.90 00:58:07.99 −72:38:08.1 16.877(13) 16.723(8) −0.154(11)
OGLE-SMC-ECL-3772 00:58:21.38 −72:01:07.9 16.552(10) 16.397(7) −0.155(9)
OGLE-SMC-ECL-3780 SMC-SC8-87462 207.16484.236 00:58:23.32 −72:38:04.7 17.694(25) 17.597(12) −0.097(19)
OGLE-SMC-ECL-3833 SMC-SC8-107524 207.16490.174 00:58:39.92 −72:16:19.8 17.686(21) 17.640(12) −0.046(17)
OGLE-SMC-ECL-4169 SMC-SC8-198652 207.16601.53 01:00:23.83 −72:26:20.5 16.496(9) 16.340(6) −0.156(8)
OGLE-SMC-ECL-4187 SMC-SC9-39171 207.16604.138 01:00:32.36 −72:16:56.0 17.522(19) 17.437(11) −0.085(15)
OGLE-SMC-ECL-4195 SMC-SC9-47495 01:00:36.84 −72:06:46.7 16.924(12) 16.757(8) −0.167(10)
OGLE-SMC-ECL-4204 SMC-SC9-10459 01:00:39.33 −72:47:45.0 17.865(25) 17.795(13) −0.070(19)
OGLE-SMC-ECL-4216 01:00:42.83 −71:31:41.8 16.070(7) 15.884(5) −0.186(6)
OGLE-SMC-ECL-4272 SMC-SC9-47526 01:00:58.20 −72:05:24.8 16.952(12) 16.801(8) −0.151(10)
OGLE-SMC-ECL-4309 SMC-SC9-67706 207.16655.83 01:01:13.83 −72:37:58.5 16.932(13) 16.789(8) −0.143(11)
OGLE-SMC-ECL-4313 SMC-SC9-89456 206.16662.81 01:01:15.33 −72:10:08.3 16.830(12) 16.649(7) −0.181(10)
OGLE-SMC-ECL-4340 01:01:29.49 −71:47:31.2 17.005(14) 16.873(7) −0.132(11)
OGLE-SMC-ECL-4398 SMC-SC9-55850 207.16708.53 01:01:45.60 −72:53:20.9 16.915(13) 16.772(7) −0.143(10)
OGLE-SMC-ECL-4408 01:01:48.63 −73:28:37.5 17.962(29) 17.873(14) −0.089(22)
OGLE-SMC-ECL-4566 01:02:45.11 −71:56:12.4 14.588(6) 14.539(4) −0.049(5)
OGLE-SMC-ECL-4613 SMC-SC9-149821 206.16769.142 01:02:57.96 −72:40:31.3 17.178(16) 17.065(8) −0.113(12)
OGLE-SMC-ECL-4681 SMC-SC9-152769 206.16827.96 01:03:18.44 −72:36:08.3 17.002(14) 16.843(8) −0.159(11)
OGLE-SMC-ECL-4718 SMC-SC10-34019 01:03:28.46 −72:06:53.9 16.878(13) 16.704(8) −0.174(11)
OGLE-SMC-ECL-4789 SMC-SC10-14826 206.16828.132 01:03:49.43 −72:32:47.8 17.312(17) 17.209(9) −0.103(13)
OGLE-SMC-ECL-4848 SMC-SC10-77075 01:04:09.07 −71:58:09.0 17.514(20) 17.495(11) −0.019(16)
OGLE-SMC-ECL-4863 SMC-SC10-47089 01:04:16.76 −72:43:53.3 15.407(6) 15.296(4) −0.111(5)
OGLE-SMC-ECL-4909 01:04:35.43 −73:08:27.9 17.965(28) 17.883(13) −0.082(21)
OGLE-SMC-ECL-4927 01:04:41.74 −72:58:12.1 16.361(10) 16.248(6) −0.113(8)
OGLE-SMC-ECL-4946 SMC-SC10-108184 01:04:56.49 −72:01:18.7 17.121(15) 16.975(9) −0.146(12)
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Table 1 (cont’d)
OGLE-III OGLE-II MACHO R.A. Decl. I V V − I
(ID) (ID) (ID) (J2000) (J2000) (mag) (mag) (mag)
OGLE-SMC-ECL-5063 SMC-SC10-139395 01:05:39.10 −72:01:45.8 15.846(7) 15.664(5) −0.182(6)
OGLE-SMC-ECL-5093 SMC-SC10-134487 206.16946.676 01:05:55.30 −72:13:15.9 16.831(12) 16.643(7) −0.188(10)
OGLE-SMC-ECL-5103 01:05:59.83 −73:32:02.6 17.513(22) 17.412(9) −0.101(16)
OGLE-SMC-ECL-5235 SMC-SC11-38498 01:07:13.00 −72:50:50.5 16.082(8) 15.891(5) −0.191(7)
OGLE-SMC-ECL-5247 01:07:19.72 −71:56:57.0 16.803(12) 16.691(8) −0.112(10)
OGLE-SMC-ECL-5382 SMC-SC11-91994 01:08:21.26 −72:16:57.5 16.218(8) 16.011(6) −0.207(7)
OGLE-SMC-ECL-5428 SMC-SC11-117339 206.17173.73 01:08:46.97 −72:19:10.1 17.195(15) 17.149(9) −0.046(12)
OGLE-SMC-ECL-5441 SMC-SC11-95492 01:08:54.01 −73:05:35.5 18.036(29) 18.002(15) −0.034(22)
OGLE-SMC-ECL-5483 SMC-SC11-115543 206.17172.47 01:09:15.31 −72:23:23.1 16.389(10) 16.199(5) −0.190(8)
OGLE-SMC-ECL-5555 01:10:14.42 −72:15:54.4 15.515(6) 15.354(4) −0.161(5)
OGLE-SMC-ECL-5660 01:11:48.12 −71:49:56.2 17.033(15) 16.947(8) −0.086(12)
OGLE-SMC-ECL-5747 01:13:35.79 −73:16:22.5 17.427(19) 17.443(9) 0.016(14)
OGLE-SMC-ECL-5806 01:14:41.92 −73:31:01.0 17.020(14) 16.888(8) −0.132(11)
OGLE-SMC-ECL-5953 01:18:18.44 −72:48:56.4 16.718(11) 16.556(7) −0.162(9)
OGLE-SMC-ECL-5978 01:19:31.05 −73:08:01.0 16.648(11) 16.523(7) −0.125(9)
OGLE-SMC-ECL-6029 01:21:48.66 −73:14:16.1 17.755(25) 17.656(12) −0.099(19)
OGLE-SMC-ECL-6059 01:23:07.47 −73:31:54.1 17.722(24) 17.652(13) −0.070(19)
OGLE-SMC-ECL-6128 01:25:44.47 −73:14:32.8 16.479(9) 16.301(6) −0.178(8)
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Table 2. Orbital parameters from the light curve analyses
Object ID T2/T1 e ω ω˙ q (M2/M1) i Ω1 Ω2 l
b
1,I l
b
2,I l
b
3,I r1
c r2
c
(OGLE-) (deg) (deg year−1) (deg) (volume) (volume)
SMC-ECL-0237 0.935(20) 0.301(4) 70(1) 2.16(21) 1.19(14) 84.4(3) 9.55(27) 7.13(60) 0.299(9) 0.701 − 0.1276(56) 0.2071(56)
SMC-ECL-0273 0.974(15) 0.056(3) 117(4) 15.81(1.55) 0.84(10) 77.5(2) 5.06(16) 5.91(51) 0.660(23) 0.340 − 0.2417(113) 0.1772(113)
SMC-ECL-0286 0.978(7) 0.107(5) 88(2) 4.30(42) 0.65(4) 82.8(4) 4.73(7) 6.87(32) 0.831(4) 0.169 − 0.2517(51) 0.1159(51)
SMC-ECL-0391 0.949(7) 0.269(1) 36(1) 2.40(21) 0.74(6) 87.7(8) 6.04(11) 7.18(41) 0.469(21) 0.185 0.346(0.022) 0.1998(54) 0.1311(54)
SMC-ECL-0481 1.087(14) 0.125(5) 152(5) 1.40(22) 1.12(8) 78.6(2) 6.91(14) 7.20(43) 0.447(20) 0.553 − 0.1784(54) 0.1843(54)
SMC-ECL-0665 1.048(13) 0.071(14) 117(7) 1.53(43) 0.91(10) 81.9(2) 5.99(19) 6.76(57) 0.585(28) 0.415 − 0.2003(91) 0.1609(91)
SMC-ECL-0678 0.880(17) 0.357(1) 149(1) 3.02(24) 0.71(5) 85.4(4) 7.34(11) 8.47(43) 0.744(17) 0.256 − 0.1608(35) 0.1056(35)
SMC-ECL-0834 0.985(3) 0.076(1) 32(3) 6.10(21) 0.91(3) 78.6(1) 5.21(05) 5.57(13) 0.579(8) 0.421 − 0.2386(32) 0.2063(32)
SMC-ECL-0938 1.085(13) 0.201(7) 110(1) 0.66(10) 0.81(6) 84.5(4) 5.31(10) 8.83(56) 0.801(4) 0.199 − 0.2340(68) 0.1079(68)
SMC-ECL-1041 0.989(7) 0.042(2) 64(5) 10.14(40) 1.02(5) 77.0(1) 5.45(9) 5.18(19) 0.465(17) 0.535 − 0.2300(58) 0.2493(58)
SMC-ECL-1042 1.000(9) 0.087(1) 47(3) 7.40(93) 1.01(7) 85.4(9) 5.67(12) 5.55(31) 0.337(22) 0.362 0.301(0.031) 0.2206(73) 0.2289(73)
SMC-ECL-1133 0.755(12) 0.085(2) 247(4) 5.53(61) 0.60(6) 78.3(3) 5.30(14) 5.70(42) 0.799(19) 0.201 − 0.2162(72) 0.1360(72)
SMC-ECL-1167 0.963(09) 0.164(2) 31(2) 1.45(27) 0.80(4) 80.1(1) 5.75(9) 6.60(26) 0.672(15) 0.328 − 0.2096(48) 0.1515(48)
SMC-ECL-1189 1.282(36) 0.269(4) 70(2) 0.47(17) 1.00(15) 82.4(2) 9.29(38) 7.68(82) 0.296(26) 0.704 − 0.1265(69) 0.1588(69)
SMC-ECL-1196 1.044(17) 0.164(6) 105(2) 4.51(32) 1.09(7) 76.2(2) 6.15(13) 5.81(28) 0.420(22) 0.580 − 0.2074(69) 0.2351(69)
SMC-ECL-1214 0.971(14) 0.146(2) 75(2) 5.59(38) 0.81(14) 81.0(3) 5.88(23) 6.64(83) 0.657(28) 0.343 − 0.2035(118) 0.1508(118)
SMC-ECL-1278 1.023(25) 0.034(4) 134(10) 11.83(1.29) 0.91(13) 71.0(4) 4.78(21) 5.51(56) 0.609(38) 0.391 − 0.2635(176) 0.2060(176)
SMC-ECL-1370 0.859(10) 0.082(2) 182(5) 12.57(60) 1.06(7) 78.0(7) 7.45(22) 5.55(24) 0.286(27) 0.499 0.214(0.057) 0.1591(58) 0.2374(58)
SMC-ECL-1545 1.095(14) 0.195(6) 123(2) 2.83(23) 1.42(6) 79.1(2) 9.25(17) 6.97(20) 0.208(7) 0.792 − 0.1337(32) 0.2402(32)
SMC-ECL-1607 0.978(09) 0.051(3) 104(4) 6.12(78) 0.85(9) 80.6(3) 4.98(12) 5.51(44) 0.625(20) 0.375 − 0.2475(96) 0.1956(96)
SMC-ECL-1634 1.031(19) 0.045(5) 141(8) 6.47(98) 0.96(6) 74.7(3) 5.48(10) 5.91(28) 0.480(24) 0.396 0.124(0.039) 0.2249(58) 0.1995(58)
SMC-ECL-1670 0.799(18) 0.125(11) 339(11) 6.17(1.30) 0.80(14) 77.3(4) 6.03(26) 5.33(67) 0.601(45) 0.399 − 0.1963(116) 0.1971(116)
SMC-ECL-1699 1.040(20) 0.111(11) 105(2) 1.02(16) 0.83(5) 82.7(2) 7.25(11) 9.00(40) 0.675(18) 0.325 − 0.1589(32) 0.1072(32)
SMC-ECL-1709 0.803(7) 0.087(2) 6(9) 6.72(1.28) 0.56(4) 83.3(3) 4.65(7) 5.84(36) 0.855(3) 0.145 − 0.2494(55) 0.1233(55)
SMC-ECL-1903 0.903(6) 0.121(7) 241(2) 1.16(16) 1.05(7) 83.1(2) 8.27(21) 6.25(29) 0.365(19) 0.635 − 0.1417(44) 0.2062(44)
SMC-ECL-1947 0.984(7) 0.024(4) 68(6) 3.23(1.64) 1.05(5) 82.3(9) 5.41(9) 5.41(22) 0.261(17) 0.272 0.467(0.033) 0.2327(59) 0.2411(59)
SMC-ECL-1961 0.879(14) 0.203(8) 264(2) 2.44(22) 0.60(6) 81.4(4) 4.84(12) 6.31(47) 0.838(7) 0.162 − 0.2466(90) 0.1234(90)
SMC-ECL-2256 1.036(7) 0.139(3) 54(1) 1.11(09) 0.88(5) 82.7(2) 5.89(10) 7.02(33) 0.637(13) 0.363 − 0.2062(51) 0.1514(51)
SMC-ECL-2290 0.793(9) 0.197(2) 62(1) 0.82(19) 0.41(1) 83.0(2) 5.24(5) 9.16(25) 0.637(13) 0.363 − 0.2124(23) 0.0539(23)
SMC-ECL-2361 0.958(4) 0.033(2) 108(3) 11.68(1.34) 0.86(3) 79.9(1) 4.67(5) 5.39(14) 0.653(10) 0.347 − 0.2672(46) 0.2018(46)
SMC-ECL-2384 0.865(10) 0.152(11) 308(4) 2.75(43) 1.01(8) 79.5(2) 6.41(18) 5.87(36) 0.511(26) 0.489 − 0.1923(77) 0.2156(77)
SMC-ECL-2454 1.089(32) 0.161(13) 128(5) 3.58(57) 1.03(17) 77.6(3) 6.60(27) 6.48(81) 0.439(41) 0.561 − 0.1868(118) 0.1949(118)
SMC-ECL-2605 1.067(25) 0.123(3) 76(1) 1.82(31) 1.00(2) 74.7(1) 5.16(4) 11.32(20) 0.855(7) 0.145 − 0.2512(31) 0.0983(31)
SMC-ECL-2744 0.860(4) 0.061(1) 91(3) 7.19(40) 0.57(3) 86.9(8) 4.27(6) 5.58(25) 0.854(2) 0.146 − 0.2763(53) 0.1337(53)
SMC-ECL-2753 0.825(14) 0.183(12) 290(2) 3.10(34) 0.61(9) 83.1(4) 5.20(15) 6.08(59) 0.808(10) 0.192 − 0.2258(95) 0.1306(95)
SMC-ECL-2762 0.886(08) 0.096(4) 350(6) 10.04(90) 0.90(6) 79.5(2) 5.82(12) 5.70(30) 0.574(20) 0.426 − 0.2082(62) 0.1985(62)
SMC-ECL-2865 1.017(7) 0.025(1) 191(13) 8.60(1.94) 1.00(4) 76.7(1) 5.14(6) 5.74(19) 0.561(13) 0.439 − 0.2454(46) 0.2140(46)
SMC-ECL-3006 0.976(6) 0.255(1) 27(1) 1.10(13) 0.58(2) 85.0(3) 5.25(6) 7.95(24) 0.776(24) 0.121 0.103(0.024) 0.2248(35) 0.0906(35)
SMC-ECL-3035 1.030(26) 0.062(9) 124(7) 5.62(1.07) 1.11(8) 75.3(7) 5.98(15) 5.93(35) 0.336(31) 0.417 0.247(0.061) 0.2100(76) 0.2278(76)
SMC-ECL-3071 1.094(29) 0.101(13) 59(6) 2.16(80) 1.09(11) 78.5(3) 6.38(21) 5.98(47) 0.393(33) 0.607 − 0.1946(93) 0.2238(93)
SMC-ECL-3118 1.112(20) 0.042(3) 120(4) 6.95(83) 1.14(5) 72.0(2) 5.58(9) 5.86(22) 0.447(21) 0.553 − 0.2296(57) 0.2346(57)
SMC-ECL-3200 0.981(61) 0.502(6) 104(1) 1.89(12) 0.70(6) 83.6(6) 6.48(16) 8.09(53) 0.742(33) 0.258 − 0.1979(80) 0.1187(80)
SMC-ECL-3219 1.009(11) 0.089(1) 84(2) 5.70(37) 1.25(4) 76.4(2) 7.08(14) 6.16(17) 0.340(16) 0.660 − 0.1760(45) 0.2436(45)
SMC-ECL-3310 1.114(36) 0.169(8) 161(8) 3.16(90) 1.10(12) 76.6(5) 6.06(27) 5.85(48) 0.401(43) 0.599 − 0.2126(139) 0.2360(139)
SMC-ECL-3346 0.978(65) 0.284(6) 74(2) 1.95(32) 0.71(10) 83.2(1.2) 5.69(24) 8.12(81) 0.375(38) 0.092 0.532(0.041) 0.2143(127) 0.1087(127)
SMC-ECL-3403 0.955(25) 0.129(12) 150(9) 8.88(1.39) 0.87(14) 78.3(3) 5.80(23) 5.94(76) 0.584(43) 0.416 − 0.2091(125) 0.1839(125)
SMC-ECL-3626 0.962(13) 0.193(2) 64(2) 6.27(23) 0.88(9) 79.0(2) 6.18(17) 6.63(51) 0.601(24) 0.399 − 0.1975(80) 0.1658(80)
SMC-ECL-3731 1.261(25) 0.125(2) 68(2) 8.80(20) 0.80(4) 77.3(3) 5.18(9) 8.74(32) 0.691(34) 0.198 0.111(0.036) 0.2364(56) 0.1068(56)
SMC-ECL-3772 1.037(17) 0.167(5) 99(1) 3.10(21) 0.90(5) 76.1(1) 5.73(10) 6.54(28) 0.603(17) 0.397 − 0.2163(56) 0.1705(56)
SMC-ECL-3780 0.846(5) 0.150(2) 67(1) 1.30(10) 0.61(4) 89.2(1.1) 7.01(10) 8.12(42) 0.806(3) 0.194 − 0.1592(27) 0.0902(27)
SMC-ECL-3833 0.912(9) 0.167(2) 226(2) 8.86(20) 1.19(10) 79.5(3) 9.06(28) 6.59(39) 0.300(19) 0.700 − 0.1312(53) 0.2185(53)
SMC-ECL-4169 0.901(04) 0.062(1) 283(1) 6.41(27) 0.72(2) 78.4(1) 4.61(4) 5.38(12) 0.731(6) 0.269 − 0.2630(34) 0.1733(34)
SMC-ECL-4187 1.053(11) 0.288(2) 44(1) 1.90(15) 0.89(7) 81.0(3) 6.12(14) 6.88(42) 0.589(21) 0.411 − 0.2062(76) 0.1646(76)
SMC-ECL-4195 0.957(5) 0.049(1) 38(3) 12.27(61) 0.96(3) 78.1(1) 5.53(5) 5.46(14) 0.524(11) 0.476 − 0.2226(32) 0.2198(32)
SMC-ECL-4204 0.942(23) 0.064(14) 337(26) 5.22(2.85) 0.69(7) 80.8(8) 4.45(14) 7.72(74) 0.881(5) 0.119 − 0.2721(123) 0.1055(123)
SMC-ECL-4216 0.779(21) 0.147(12) 302(4) 7.28(82) 0.63(9) 82.2(9) 5.06(17) 5.58(51) 0.290(34) 0.083 0.628(0.036) 0.2329(109) 0.1492(109)
SMC-ECL-4272 1.225(51) 0.365(3) 87(1) 1.09(11) 1.14(4) 85.0(4) 7.28(9) 11.12(29) 0.503(17) 0.282 0.215(0.022) 0.1833(39) 0.1190(39)
SMC-ECL-4309 0.845(7) 0.375(1) 135(1) 1.88(04) 0.64(3) 86.1(3) 6.15(6) 7.15(26) 0.781(4) 0.219 − 0.1958(30) 0.1192(30)
SMC-ECL-4313 1.231(21) 0.393(1) 151(1) 1.74(08) 1.70(10) 82.1(1) 12.82(22) 11.02(48) 0.192(6) 0.808 − 0.0999(27) 0.1756(27)
SMC-ECL-4340 0.930(19) 0.072(3) 188(12) 10.84(1.76) 1.02(11) 78.1(1.0) 6.48(24) 5.66(42) 0.285(34) 0.363 0.352(0.068) 0.1869(93) 0.2244(93)
SMC-ECL-4398 0.856(5) 0.033(3) 169(12) 9.38(1.36) 0.94(4) 78.3(1) 6.54(9) 5.30(16) 0.460(13) 0.540 − 0.1802(34) 0.2229(34)
SMC-ECL-4408 1.091(21) 0.196(7) 149(4) 3.44(43) 1.04(12) 80.4(3) 6.55(26) 7.16(63) 0.504(35) 0.496 − 0.1914(109) 0.1762(109)
SMC-ECL-4566 1.040(4) 0.127(2) 114(1) 2.77(09) 0.89(2) 79.8(1) 4.81(3) 5.85(10) 0.642(7) 0.358 − 0.2669(30) 0.1926(30)
SMC-ECL-4613 1.077(15) 0.129(3) 105(2) 6.33(40) 1.28(9) 78.1(3) 7.42(18) 6.66(35) 0.326(19) 0.674 − 0.1689(60) 0.2286(60)
SMC-ECL-4681 0.972(8) 0.155(6) 136(3) 5.12(30) 0.90(6) 82.2(1) 6.01(10) 6.29(32) 0.575(15) 0.425 − 0.2031(52) 0.1786(52)
SMC-ECL-4718 1.113(10) 0.252(1) 120(1) 0.39(12) 1.06(4) 85.4(1) 10.11(13) 10.86(31) 0.476(13) 0.524 − 0.1151(19) 0.1112(19)
SMC-ECL-4789 1.085(14) 0.263(2) 50(2) 2.52(20) 1.18(10) 78.0(2) 7.73(19) 7.31(47) 0.379(19) 0.621 − 0.1636(64) 0.1955(64)
SMC-ECL-4848 1.037(13) 0.081(9) 110(3) 2.39(44) 0.94(6) 79.7(2) 5.28(11) 6.17(29) 0.600(21) 0.400 − 0.2366(71) 0.1868(71)
SMC-ECL-4863 0.972(6) 0.149(2) 44(1) 2.49(22) 1.00(3) 89.1(1.5) 5.12(5) 11.21(29) 0.726(18) 0.104 0.170(0.017) 0.2564(44) 0.0997(44)
SMC-ECL-4909 0.985(33) 0.154(18) 101(2) 3.34(63) 0.80(12) 78.4(4) 5.05(21) 6.51(69) 0.726(34) 0.274 − 0.2458(156) 0.1532(156)
SMC-ECL-4927 0.924(8) 0.021(1) 223(14) 13.87(2.37) 0.97(4) 73.2(2) 5.28(9) 4.76(13) 0.476(18) 0.524 − 0.2350(53) 0.2638(53)
SMC-ECL-4946 0.867(28) 0.085(15) 90(3) 3.73(99) 0.88(11) 76.4(1.1) 5.68(23) 5.04(46) 0.330(43) 0.297 0.373(0.070) 0.2131(121) 0.2276(121)
SMC-ECL-5063 0.940(5) 0.052(2) 357(10) 3.96(1.28) 1.50(3) 82.0(3) 10.15(6) 5.89(09) 0.143(1) 0.857 − 0.1168(9) 0.2990(9)
SMC-ECL-5093 0.972(8) 0.188(1) 43(1) 2.49(19) 1.03(4) 77.1(1) 6.31(8) 5.93(18) 0.463(13) 0.537 − 0.1993(38) 0.2194(38)
SMC-ECL-5103 0.974(14) 0.096(2) 188(9) 8.40(1.24) 0.90(13) 84.7(1.4) 5.62(21) 5.94(68) 0.382(43) 0.275 0.343(0.059) 0.2178(124) 0.1889(124)
SMC-ECL-5235 0.634(3) 0.158(3) 257(1) 5.40(24) 0.54(4) 82.4(2) 5.02(6) 5.47(24) 0.864(3) 0.136 − 0.2301(39) 0.1345(39)
SMC-ECL-5247 1.281(31) 0.278(5) 119(1) 3.62(26) 1.67(7) 79.1(2) 11.38(22) 8.20(26) 0.130(4) 0.870 − 0.1104(29) 0.2349(29)
SMC-ECL-5382 0.663(4) 0.039(1) 7(11) 9.86(1.56) 0.56(6) 81.5(7) 4.77(11) 4.90(36) 0.699(52) 0.146 0.155(0.057) 0.2404(74) 0.1538(74)
SMC-ECL-5428 1.119(22) 0.062(5) 165(11) 4.35(77) 1.23(9) 75.6(2) 6.74(15) 6.75(38) 0.382(22) 0.618 − 0.1851(61) 0.2129(61)
SMC-ECL-5441 1.010(35) 0.178(15) 107(2) 1.77(38) 0.67(7) 83.9(9) 5.38(15) 7.98(76) 0.823(13) 0.177 − 0.2204(86) 0.1015(86)
SMC-ECL-5483 0.864(12) 0.166(1) 31(3) 2.59(27) 0.89(5) 73.3(2) 5.92(12) 5.22(19) 0.515(23) 0.485 − 0.2068(56) 0.2250(56)
SMC-ECL-5555 0.822(15) 0.137(10) 265(1) 2.97(44) 0.44(3) 82.6(6) 4.25(8) 5.70(24) 0.489(39) 0.052 0.458(0.038) 0.2696(64) 0.1039(64)
SMC-ECL-5660 0.924(14) 0.273(2) 28(2) 2.82(63) 0.66(7) 84.4(6) 5.90(14) 8.03(62) 0.818(6) 0.182 − 0.2010(67) 0.1019(67)
SMC-ECL-5747 0.940(14) 0.337(1) 154(1) 3.26(22) 0.77(7) 83.3(2) 7.55(19) 7.67(50) 0.626(26) 0.374 − 0.1568(54) 0.1280(54)
SMC-ECL-5806 0.903(7) 0.108(7) 100(1) 4.59(40) 0.69(5) 85.0(4) 4.73(8) 6.06(34) 0.785(3) 0.215 − 0.2550(64) 0.1451(64)
SMC-ECL-5953 0.773(8) 0.043(4) 176(15) 9.62(2.16) 0.60(5) 78.9(4) 4.11(9) 5.14(29) 0.844(10) 0.156 − 0.2903(89) 0.1538(89)
SMC-ECL-5978 0.735(22) 0.226(3) 50(3) 6.18(85) 0.47(4) 80.2(5) 5.35(10) 7.74(39) 0.929(10) 0.071 − 0.2116(50) 0.0761(50)
SMC-ECL-6029 0.881(17) 0.029(3) 288(11) 30.77(2.29) 0.87(16) 84.3(2.1) 5.29(27) 4.96(69) 0.261(44) 0.205 0.534(0.057) 0.2290(169) 0.2261(169)
SMC-ECL-6059 1.048(17) 0.169(3) 183(6) 6.57(86) 0.90(10) 80.3(3) 5.65(19) 7.09(55) 0.652(27) 0.348 − 0.2206(108) 0.1549(108)
SMC-ECL-6128 0.969(18) 0.430(1) 306(1) 1.12(11) 0.82(3) 86.0(2) 7.83(8) 10.65(31) 0.750(4) 0.250 − 0.1566(25) 0.0927(25)
Notes−Listed parameters: temperature ratio, eccentricity, longitude of periastron, rate of periastron advance, mass ratio, inclination, dimensionless surface potentials,
I band luminosity ratios, and mean volume radii. All quoted uncertainties of the photometric solutions were calculated from the Differential Corrections subroutine of
the Wilson-Devinney Code. The luminosity ratios of the other band (VMRMV I) are listed in Table C.aFixed parameter.
blx/(l1 + l2 + l3).cMean volume radius.
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Table 3. List of eclipse timings for 90 EBs
Object ID JD Hel. Error Cycle Min Source
(OGLE-) (+2400000) (day)
SMC-ECL-0237 52274.6757 0.0026 −1055.0 I OGLE-III
52636.6385 0.0024 −915.0 I OGLE-III
52998.6088 0.0021 −775.0 I OGLE-III
53363.1647 0.0037 −634.0 I OGLE-III
53730.3011 0.0032 −492.0 I OGLE-III
54097.4468 0.0041 −350.0 I OGLE-III
54459.4155 0.0028 −210.0 I OGLE-III
54751.5771 0.0025 −97.0 I OGLE-III
52276.2634 0.0026 −1054.5 II OGLE-III
52638.2202 0.0024 −914.5 II OGLE-III
53000.1745 0.0021 −774.5 II OGLE-III
53364.7172 0.0037 −633.5 II OGLE-III
53731.8340 0.0032 −491.5 II OGLE-III
54098.9565 0.0041 −349.5 II OGLE-III
54460.9040 0.0028 −209.5 II OGLE-III
54753.0555 0.0025 −96.5 II OGLE-III
(This table is available in its entirety in machine-readable and Virtural Observatory (VO) forms.)
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Table 4. Apsidal motion elements of 90 EBs
Object ID T0 Ps Pa ω0 ω˙ Ua Ub Uc
(OGLE-) (+2450000) (day) (day) (deg) (deg year−1) (year) (year) (year)
SMC-ECL-0237 5002.4367(14) 2.585443(5) 2.585557(5) 71(1) 2.26(15) 160(10) 167(15) 162(8)
SMC-ECL-0273 5001.5390(10) 1.602491(6) 1.602797(6) 116(4) 15.63(56) 23(1) 23(2) 23(1)
SMC-ECL-0286 5003.4038(10) 3.396074(7) 3.396422(7) 88(2) 3.97(16) 91(3) 84(7) 90(3)
SMC-ECL-0391 5001.2617(14) 3.399923(13) 3.400132(13) 36(6) 2.37(32) 152(18) 150(12) 150(10)
SMC-ECL-0481 5003.9739(6) 4.241589(6) 4.241780(6) 153(4) 1.39(8) 258(15) 257(35) 258(14)
SMC-ECL-0665 5002.4193(6) 2.533936(6) 2.534058(6) 124(2) 2.49(24) 145(13) 235(52) 150(13)
SMC-ECL-0678 5002.6053(13) 2.856128(5) 2.856315(5) 149(1) 3.02(16) 119(6) 119(9) 119(5)
SMC-ECL-0834 5001.9925(11) 2.781443(12) 2.781797(12) 34(1) 6.01(39) 60(4) 59(2) 59(2)
SMC-ECL-0938 5000.4685(9) 4.937516(5) 4.937638(4) 110(2) 0.66(4) 547(33) 542(70) 546(30)
SMC-ECL-1041 5001.7817(13) 1.928686(10) 1.928969(10) 63(3) 10.02(71) 36(2) 35(1) 36(1)
SMC-ECL-1042 5000.5050(11) 2.465385(38) 2.465775(38) 48(2) 8.45(1.65) 43(7) 49(5) 47(4)
SMC-ECL-1133 5000.4910(6) 2.383556(7) 2.383695(6) 240(5) 3.22(30) 112(10) 65(6) 79(5)
SMC-ECL-1167 5000.2873(8) 4.086291(8) 4.086472(8) 30(2) 1.43(12) 252(20) 248(39) 251(18)
SMC-ECL-1189 5001.0072(7) 2.483882(1) 2.483907(1) 70(4) 0.53(5) 682(56) 769(204) 688(54)
SMC-ECL-1196 5002.1673(7) 2.594678(2) 2.594909(2) 105(6) 4.52(7) 80(1) 80(5) 80(1)
SMC-ECL-1214 5001.4970(8) 1.946716(4) 1.946866(4) 73(9) 5.20(26) 69(3) 64(4) 67(2)
SMC-ECL-1278 5001.9586(6) 2.316402(15) 2.316949(15) 139(5) 13.39(72) 27(1) 30(3) 27(1)
SMC-ECL-1370 4999.9894(16) 1.699614(9) 1.699889(9) 182(5) 12.53(77) 29(2) 29(1) 29(1)
SMC-ECL-1545 5002.1220(11) 3.610734(6) 3.611030(6) 124(3) 2.99(11) 120(4) 127(10) 121(4)
SMC-ECL-1607 5001.9791(6) 2.516993(7) 2.517277(7) 104(6) 5.90(28) 61(3) 59(7) 61(3)
SMC-ECL-1634 5001.1124(8) 2.172873(5) 2.173089(5) 136(2) 6.02(30) 60(3) 56(7) 59(3)
SMC-ECL-1670 5001.8999(15) 1.907813(5) 1.907941(5) 331(4) 4.64(32) 78(5) 58(10) 74(4)
SMC-ECL-1699 5001.6965(12) 3.337852(6) 3.337936(6) 105(4) 1.00(13) 361(42) 353(48) 357(32)
SMC-ECL-1709 5000.4724(17) 2.200136(35) 2.200313(34) 5(9) 4.81(1.88) 75(21) 54(9) 57(8)
SMC-ECL-1903 5002.2416(15) 3.942682(9) 3.942868(9) 243(3) 1.57(15) 229(20) 312(38) 247(18)
SMC-ECL-1947 5002.2972(8) 2.401342(20) 2.401745(20) 87(3) 9.19(92) 39(4) 112(38) 40(4)
SMC-ECL-1961 5001.7023(8) 1.865556(1) 1.865634(1) 266(4) 2.96(9) 122(3) 147(12) 123(3)
SMC-ECL-2256 5003.6971(5) 3.688373(4) 3.688489(4) 55(1) 1.13(8) 319(21) 325(24) 322(16)
SMC-ECL-2290 5003.5586(8) 6.833784(9) 6.833948(9) 61(3) 0.46(5) 779(69) 438(82) 637(53)
SMC-ECL-2361 5000.1230(4) 2.312142(17) 2.312621(17) 109(2) 11.78(82) 31(2) 31(3) 31(2)
SMC-ECL-2384 5001.4553(19) 2.355919(8) 2.356040(8) 309(3) 2.85(35) 126(14) 131(18) 128(11)
SMC-ECL-2454 5000.8224(10) 1.717993(3) 1.718079(3) 131(8) 3.81(27) 94(6) 101(14) 95(6)
SMC-ECL-2605 5003.1976(5) 6.354359(9) 6.355014(9) 76(3) 2.13(5) 169(4) 198(29) 170(4)
SMC-ECL-2744 5000.2718(8) 2.243211(9) 2.243448(9) 87(4) 6.17(45) 58(4) 50(3) 53(2)
SMC-ECL-2753 5000.2752(7) 1.644985(1) 1.645048(1) 289(6) 3.04(10) 118(4) 116(11) 118(4)
SMC-ECL-2762 5000.9850(8) 1.761061(9) 1.761276(9) 344(7) 9.13(75) 39(3) 36(3) 37(2)
SMC-ECL-2865 5002.0761(10) 2.219812(59) 2.220093(58) 183(8) 7.48(3.12) 48(14) 42(8) 43(7)
SMC-ECL-3006 5002.1597(6) 5.353413(6) 5.353652(6) 28(3) 1.10(6) 327(18) 327(34) 327(16)
SMC-ECL-3035 5001.5582(10) 2.342890(6) 2.343141(6) 128(3) 6.01(27) 60(3) 64(10) 60(3)
SMC-ECL-3071 5001.0986(14) 2.562812(14) 2.562920(14) 58(6) 2.17(56) 166(34) 167(45) 166(27)
SMC-ECL-3118 5000.1845(9) 2.585575(14) 2.585959(14) 125(6) 7.56(53) 48(3) 52(6) 49(3)
SMC-ECL-3200 5001.4855(10) 2.479641(1) 2.479736(1) 105(4) 2.03(2) 177(2) 190(12) 177(2)
SMC-ECL-3219 5002.2578(7) 2.314064(7) 2.314308(7) 84(6) 5.98(36) 60(3) 63(4) 61(2)
SMC-ECL-3310 4999.9618(9) 2.701522(8) 2.701708(8) 161(9) 3.35(29) 107(8) 114(25) 108(8)
SMC-ECL-3346 5002.2633(11) 2.508743(2) 2.508829(2) 74(2) 1.79(9) 201(9) 185(26) 199(9)
SMC-ECL-3403 5001.1490(12) 1.686144(6) 1.686322(6) 147(6) 8.22(55) 44(3) 41(5) 43(3)
SMC-ECL-3626 5001.8271(15) 2.076496(4) 2.076704(4) 64(4) 6.34(23) 57(2) 57(2) 57(1)
SMC-ECL-3731 5001.3253(11) 2.012744(5) 2.012990(5) 65(3) 7.97(31) 45(2) 41(1) 42(1)
SMC-ECL-3772 5000.2740(11) 3.111210(11) 3.111438(11) 98(3) 3.10(26) 116(9) 116(7) 116(6)
SMC-ECL-3780 5000.2550(8) 3.593279(6) 3.593388(6) 65(3) 1.10(11) 326(29) 277(20) 293(17)
SMC-ECL-3833 5000.1179(16) 1.774831(3) 1.775045(3) 232(7) 8.96(26) 40(1) 41(1) 40(1)
SMC-ECL-4169 5000.7171(8) 2.613741(8) 2.614084(8) 283(6) 6.61(32) 54(3) 56(2) 55(2)
SMC-ECL-4187 5000.7198(12) 3.207519(3) 3.207669(3) 44(7) 1.92(9) 188(9) 190(14) 188(8)
SMC-ECL-4195 5001.7417(16) 1.863677(29) 1.864031(29) 50(6) 13.40(2.18) 27(4) 29(1) 29(1)
SMC-ECL-4204 5000.3093(8) 1.889967(9) 1.890122(9) 341(4) 5.68(64) 63(6) 69(24) 63(6)
SMC-ECL-4216 5000.1730(23) 1.833665(8) 1.833856(8) 302(4) 7.49(60) 48(4) 49(5) 49(3)
SMC-ECL-4272 5002.5806(19) 5.477015(7) 5.477282(7) 88(5) 1.17(4) 308(11) 331(29) 311(10)
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Table 4 (cont’d)
Object ID T0 Ps Pa ω0 ω˙ Ua Ub Uc
(OGLE-) (+2450000) (day) (day) (deg) (deg year−1) (year) (year) (year)
SMC-ECL-4309 5000.1406(7) 3.252136(2) 3.252287(2) 135(3) 1.87(3) 192(3) 192(4) 192(2)
SMC-ECL-4313 4999.8308(16) 3.723047(4) 3.723274(4) 153(7) 2.16(7) 167(5) 207(9) 176(4)
SMC-ECL-4340 5000.6575(14) 1.544010(17) 1.544229(17) 194(6) 12.07(1.84) 30(4) 33(5) 31(3)
SMC-ECL-4398 5001.5904(13) 1.907976(13) 1.908209(13) 162(5) 8.43(94) 43(4) 38(5) 41(3)
SMC-ECL-4408 5001.1786(14) 2.154013(8) 2.154135(7) 149(5) 3.46(41) 104(11) 105(12) 104(8)
SMC-ECL-4566 5001.0145(15) 4.801860(20) 4.802319(20) 114(2) 2.62(22) 138(10) 130(4) 131(4)
SMC-ECL-4613 5001.1529(14) 1.927898(6) 1.928093(6) 107(4) 6.90(39) 52(3) 57(3) 54(2)
SMC-ECL-4681 5000.1504(15) 2.322652(3) 2.322868(3) 137(3) 5.25(16) 69(2) 70(4) 69(2)
SMC-ECL-4718 5000.5586(12) 5.179781(8) 5.179864(8) 119(2) 0.40(6) 890(23) 916(208) 897(106)
SMC-ECL-4789 5001.1444(11) 3.148961(4) 3.149171(4) 51(4) 2.78(11) 129(5) 143(11) 132(5)
SMC-ECL-4848 5001.9887(17) 2.687018(11) 2.687161(11) 111(9) 2.59(39) 139(18) 151(23) 143(14)
SMC-ECL-4863 5003.9129(23) 4.674637(46) 4.675156(46) 36(7) 3.12(56) 115(18) 145(12) 136(10)
SMC-ECL-4909 5000.0397(16) 2.275898(10) 2.276040(10) 102(3) 3.61(46) 100(11) 108(17) 102(9)
SMC-ECL-4927 5002.5816(21) 3.070733(188) 3.071928(186) 233(8) 16.65(5.18) 22(5) 26(4) 25(3)
SMC-ECL-4946 5000.7321(17) 1.916088(10) 1.916215(10) 92(3) 4.56(69) 79(10) 97(20) 82(9)
SMC-ECL-5063 5003.1271(18) 4.253295(61) 4.253867(60) 353(4) 4.16(87) 87(15) 91(22) 88(12)
SMC-ECL-5093 5000.9218(8) 2.926367(9) 2.926648(9) 47(4) 4.32(27) 83(5) 145(10) 95(4)
SMC-ECL-5103 5000.1428(21) 1.537221(33) 1.537411(32) 197(5) 10.57(3.63) 34(9) 43(6) 40(5)
SMC-ECL-5235 5001.4081(17) 2.871210(9) 2.871527(8) 256(3) 5.06(28) 71(4) 67(3) 68(2)
SMC-ECL-5247 5000.2620(15) 2.321428(4) 2.321591(4) 121(2) 3.98(16) 90(3) 99(7) 92(3)
SMC-ECL-5382 5001.0100(13) 2.261634(22) 2.261801(22) 11(9) 4.29(1.12) 84(17) 37(5) 40(5)
SMC-ECL-5428 5000.0331(22) 2.311875(15) 2.312037(15) 162(5) 3.98(72) 90(14) 83(12) 86(9)
SMC-ECL-5441 5000.9189(14) 3.595292(7) 3.595452(7) 106(2) 1.63(13) 221(17) 203(36) 218(15)
SMC-ECL-5483 5002.7830(9) 3.103263(14) 3.103465(14) 29(6) 2.77(39) 130(16) 139(13) 135(10)
SMC-ECL-5555 5000.5708(25) 2.129440(11) 2.129547(11) 266(5) 3.13(59) 115(18) 121(16) 119(12)
SMC-ECL-5660 5002.9457(16) 3.512900(21) 3.513114(21) 27(4) 2.28(49) 158(28) 128(23) 140(18)
SMC-ECL-5747 5001.2833(14) 2.675035(7) 2.675223(7) 155(6) 3.46(24) 104(7) 110(7) 107(5)
SMC-ECL-5806 5001.2900(13) 2.339658(9) 2.339857(9) 101(5) 4.79(43) 75(6) 78(6) 77(4)
SMC-ECL-5953 5000.8019(19) 1.845591(67) 1.845909(66) 199(6) 12.27(5.14) 29(9) 37(7) 34(5)
SMC-ECL-5978 5001.9822(46) 2.650440(33) 2.650876(33) 57(4) 8.16(1.29) 44(6) 58(7) 50(5)
SMC-ECL-6029 5000.9412(28) 1.088609(61) 1.088915(60) 289(12) 33.92(13.24) 11(3) 12(1) 12(1)
SMC-ECL-6059 5000.2328(24) 1.712048(21) 1.712150(21) 177(8) 4.59(1.91) 78(23) 55(6) 56(6)
SMC-ECL-6128 5000.6241(24) 3.452971(14) 3.453087(14) 307(4) 1.27(23) 283(44) 322(30) 310(25)
Notes−Listed parameters: zero epoch, sidereal period, anomalistic period, longitude of periastron, rate of periastron advance, and
periods of apsidal motions.
aDetermined from the eclipse timing analysis.
bDetermined from the light curve analysis.
cThe weighted mean from Ua and Ub.
c© 2016 RAS, MNRAS 000, 1–??
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Table 5. The third-body parameters for 4 EBs assuming circular orbits.
Parameter Unit SMC-ECL-1634 SMC-ECL-1947 SMC-ECL-3035 SMC-ECL-4946
K days 0.012(3) 0.008(5) 0.014(5) 0.014(4)
Ω deg P−1 0.30(1) 0.34(2) 0.42(2) 0.37(2)
Ω0 deg 107(16) 192(29) 253(18) 301(18)
P3 yr 7.1(7) 6.9(1.2) 5.5(5) 5.2(4)
a12sini3 AU 2.0(5) 1.4(9) 2.5(8) 2.4(7)
f(M3) M 0.16(4) 0.05(4) 0.50(17) 0.50(15)
c© 2016 RAS, MNRAS 000, 1–??
